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SYSTEM AND METHOD FOR TRUSTED 
COMMUNICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of US. patent application 
Ser. No. 09/905,113 ?led on Jul. 16, 2000, now US Pat. No. 
7,216,237, and is hereby incorporated by reference. 

FIELD OF THE INVENTION 

This invention relates to a method of establishing trusted 
communication paths betWeen correspondents in a public 
key cryptographic scheme. More particularly, it relates to 
veri?cation of data integrity before computation of a signa 
ture. 

BACKGROUND OF THE INVENTION 

Electronic commerce is hampered by privacy and security 
concerns, as there is no reliable Way to ensure that the sender 
of an electronic transmission is in fact Who they purport to be. 
Due to the non-physical nature of the medium, traditional 
methods of is physically marking the media With a seal or 
signature, for various business and legal purposes, are not 
practical. Rather, some mark must be coded into the informa 
tion itself in order to identify the source and authenticate the 
contents. 

In business, Whether online or face-to-face, the client and 
the merchant must provide identi?cation, authentication and 
authorization. Identi?cation is the process that enables rec 
ognition of a user described to an automated data processing 
system and authentication is the act of verifying the claimed 
identity of an individual, station or originator, and ?nally 
authorization is the granting of the right of access to a user, 
program, or process. 
A solution to the problems of identi?cation, authentication, 

con?dentiality, authentication, integrity and non-repudiation 
in information systems lies in the ?eld of cryptography. For 
con?dentiality, encryption is used to scramble information 
sent betWeen users so that eavesdroppers cannot understand 
the data’s content. Authentication usually employs digital 
signatures to identify the author of a message such that the 
recipient of the message can verify the identity of the person 
Who signed the message. Digital signatures can be used in 
conjunction With passWords or as an alternative to them. 
Mes sage integrity is determined by methods that verify that 

a message has not been modi?ed, such methods typically 
employ message digest codes. Non-repudiation describes the 
creation of cryptographic receipts so that an author of a mes 
sage cannot falsely deny sending a message. Thus the Internet 
reveals the full complexity of trust relationships among 
people, computers, and organizations. 
As mentioned above, one method of authentication 

involves digital signatures. Digital signatures use public-key 
cryptographic techniques employing tWo related keys, a pub 
lic key and a private key. In public-key cryptography, the 
public key is made available to anyone Who Wants to corre 
spond With the oWner of the corresponding private key. The 
public key can be used to verify a message signed With the 
private key or encrypt messages that can only be decrypted 
using the private key. The secrecy of messages encrypted this 
Way, and the authenticity of the messages signed this Way 
relies on the security of the private key. Thus, the private key 
is kept secret by the oWner in order to protect the key against 
unauthorized use. 
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2 
Traditionally smart cards have been used as signing tokens 

for authenticating a user, smartcards are an alternative name 

for a microprocessor card, in that it refers to a chip card that 
is “smart”. The expression “smart Card” is used to refer to all 
types of chip cards, hoWever SMARTCARD® is a registered 
trademark of Groupmark. Smart cards place digital certi? 
cates, cryptographic keys and other information on a PIN 
protected token carried by the end-user, Which is more secure 
than storing it on a computer device Which may be vulnerable 
to unauthorized access. All the cryptographic algorithms 
involving the private key such as digital signatures and key 
exchanges are performed on the card. By signing transactions 
in such an environment, users are assured a modicum of 
integrity and privacy of the data exchanged betWeen each 
other. The private key need not be revealed outside of the 
token. 
One of the disadvantages of smartcards is that the oWner is 

not protected from abuse of the smart card. For example, 
because of the lack of a user interface, such as a display 
screen, the oWner may not be sure about the contents of the 
actual message being signed With the smartcard. Another 
draWback of smartcards is that any entity or person in pos 
session of the smartcard and the PIN, Who may not be the 
rightful oWner or Which may be a malicious application, in 
effect has knoWledge of the private key. 

Another solution is the implementation of a personalized 
device, such as a Wireless application protocol (WAP) 
capable mobile phone or Wireless personal digital assistant 
(PDA), as a signing token. Such a personalized device can 
store private key and sign transactions on behalf of its oWner. 
In such a situation, the holder of the personalized device is 
assumed to be its rightful oWner or authorized representative 
as determined by an appropriate access-control mechanism. 
The data message may be generated on an external device, 
such as an external computer, and then presented to the per 
sonalized device for signing. Alternatively, the data message 
can be generated completely on the personalized device. 
HoWever, there exists substantial risk for fraud in both of 
these situations. 

With reference to the ?rst situation in Which a data message 
is prepared on a personal computer, or similar, and then 
conveyed to the personalized device for signing and transmis 
sion, integrity of the message may be comprised. In this 
example, the oWner of the personalized device may Wish to 
employ the larger vieWing area or the computing poWer avail 
able on a personal computer to broWse and assemble the 
transaction. Once the data message has been assembled on the 
personal computer, the data is transmitted to the personalized 
device for signing. The personalized device calculates a sig 
nature, and the signed data message is transmitted via the 
personalized device. The personalized device thus acts both 
as a signing token and as a transmitting device. 

In this situation, it is assumed that the external computer 
can be trusted and that this computer does not contain mali 
cious softWare or has been programmed by unscrupulous 
individuals to alter the content of the message. Should the 
data presented for signing be different from that displayed, 
then the oWner of the private key Would then sign fraudulent 
or ?nancially harmful transactions. 

With reference to the second situation, an example of 
potential fraud Will noW be described. Suppose that the per 
sonalized device operating system becomes corrupted 
through any number of Ways, such as, by unintentionally 
installed softWare containing malicious code, script embed 
ded in messages, or by compromise of the personalized 
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device operating system via security holes. This malicious 
code could then alter the contents of transactions, as 
described above. 

Indeed, there is greater potential for fraud as transactions 
could be created, signed, and transmitted Without the knoWl 
edge of the oWner. The non-repudiation of such fraudulently 
obtained signed transactions Would be di?icult to contest as 
prima facie the personalized device’s oWner appears to have 
sanctioned the data message by appending a valid signature. 

Accordingly, it is an object of the present invention to 
mitigate at least one of the above disadvantages. 

SUMMARY OF THE INVENTION 

In accordance With one of its aspects, the invention pro 
vides a method of establishing a trusted path for data betWeen 
correspondents in a public-key cryptographic scheme, one of 
the correspondents being a personaliZed device. The method 
also provides a means of verifying the integrity of data pre 
sented for signing to the user of the personaliZed device. In 
one aspect, the personaliZed device may be a mobile phone, 
equipped With an operating system, input/output devices and 
is provided With a secure module independent of the operat 
ing system. 

The secure module is arranged to accept no instructions 
from the operating system on the personaliZed device. 
Accordingly, there is a diminished possibility of compromise 
of the data prior to signing. 

In order to mitigate the drawbacks of prior art devices, the 
method of establishing a trusted communication path for data 
betWeen authenticating device and its user comprises the 
steps of: logically isolating the secure module from the main 
processor of the personaliZed device; storing the private key 
Within the secure module; providing trusted paths betWeen 
the user and the secure module of the personaliZed device, 
such trusted paths may folloW the criteria set in FIPS 140-2, 
the United States Government standard that describes the 
security requirements for cryptographic hardWare and soft 
Ware modules. Coupled to the secure module is a device 
display, Which provides textual and graphical displays that 
prompt a user for information input. A trusted button facili 
tates the input of information. The secure display are Wholly 
under the control of the secure module and coupled thereto by 
secure paths, and the trusted button is in direct communica 
tion With the secure module via secure path. Trusted paths 
reduce the chances of unauthorized and undetected modi? 
cation of the secure module, including the unauthoriZed 
modi?cation, substitution, insertion, and deletion of keys and 
other critical security parameters. 

Accordingly, possible fraudulent use of the private key is 
diminished as the user signs only valid and legitimate data. 

DESCRIPTION OF THE DRAWINGS 

These and other features of the preferred embodiments of 
the invention Will become more apparent in the folloWing 
detailed description in Which reference is made to the 
appended draWings Wherein: 

FIG. 1 is a schematic diagram of tWo correspondents in 
communication With each other, in Which the correspondents 
are an external computer and a personaliZed device in ghost 
outline; 

FIG. 2 is a schematic diagram of the stand-alone person 
aliZed device of FIG. 1, for use in a PKI scheme; and 

FIG. 3 is a How chart outlining the steps for authenticating 
a received message for generation of a signature. 
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4 
DETAILED DESCRIPTION OF THE INVENTION 

Reference is ?rst made to FIG. 1, Which shoWs a system 10 
for verifying the integrity of a data message including a ?rst 
correspondent 12 and a second correspondent 14 are in com 
munication With each other, in a preferred embodiment. The 
?rst correspondent 12 is designated as a personaliZed device 
12 and the second correspondent 14 is designated as an exter 
nal computer 14. Preferably, the personaliZed device 12 is a 
Wireless application protocol (WAP) enabled mobile phone 
or a Wireless personal digital assistant (PDA) such as a Palm 
Pilot® or a Handspring Visor®. In this embodiment the per 
sonaliZed device 12 is a mobile phone controlled by the 
device main processor 16 including a secure module 18. 
The secure module 18 is adapted to operate independently 

of the device main processor 16, so that the internal state of 
the secure module 18 can not be readily reverse engineered 
and/or that its interactions With the underlying hardWare are 
not maliciously intercepted and reinterpreted. The secure 
module 18 is programmable through appropriate toolkits to 
accept only certain types of instructions from underlying 
hardWare, such as the device main processor 16. The secure 
module 18 can be adapted to be removably coupled to the 
personaliZed device. 

Coupled to the device main processor 16 is a device display 
20, Which provides textual and graphical displays that prompt 
a user for information input. The input of information is 
facilitated by a keyboard 22 coupled to the device main pro 
cessor 16. Similarly, the secure module 18 is in communica 
tion With a secure display 24, a secure part of display 24, and 
a secure input device, preferably a trusted button 26. The 
secure display 24 is Wholly under the control of the secure 
module 18 and coupled thereto by secure path 28, and the 
trusted button 26 is in direct communication With the secure 
module 18 via secure path 30. Thus, the secure paths 28 and 
30 are logically isolated and distinct from any other paths. 
The secure module 18, the secure I/O devices 24 and 26, and 
the secure paths 28 and 30 form trusted paths betWeen said 
secure module 18 and a user of the personaliZed device 12. 
The external computer 14 may be a general computer, a 

personal computer or a Workstation and includes an external 
display 32. The data mes sage for authentication is transmitted 
from the external computer via a communication path to the 
personaliZed device 12 and received by the message trans 
ceiver 34. The data message for authentication by the person 
aliZed device 12 is communicated from the external computer 
14 via communication path 36 or through a Wireless air inter 
face to an antenna coupled to the transceiver 34. Accordingly, 
the personaliZed device 12 preferably includes a serial inter 
face, a universal serial bus (U SB) interface, an “over the air” 
interface based on the IEEE 802.1 1 speci?cation or a BLUE 
TOOTH® interface. Thus, the personaliZed device 12 can 
receive data, and can be used to sign a data message generated 
on the external computer 14. 

In operation, the external computer 14 assembles the data 
comprising the portion of the data message to be signed, 
preferably displaying the appropriate data message on the 
external display 32, and conveying the data to the personal 
iZed device 12 via the path 36. The device main processor 16 
conveys the data to the secure module 18, optionally display 
ing the same data on the display 20. The secure module 18 
displays the data message, or a portion of the message, on the 
secure display 24 in an appropriate format. In order to verify 
the integrity of the data, the user compares the data message 
on the external display 32 and the data message, or portion of 
it, With the data message on the secure display 24. If there is 
a match betWeen the tWo data messages, the user instructs the 
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secure module 18, speci?cally the signature generator to gen 
erate a signature by actuating the trusted button 26. However, 
if the data messages differ this indicates compromise of the 
data message conveyed to the secure module 18 and the user 
can elect not to generate a signature. 

The secure module 18 may be equipped With a veri?cation 
manager to identify the user using the system 10. The veri? 
cation manager determines the access rights and privileges 
through passWords or biometrics. For example, the external 
trusted button 26 may also be used to enter a PIN should 
access control to the secure module 18 be required. For 
example, in one implementation, the secure module 18 Will 
only generate a signature Within a predetermined time period 
after displaying the data message. Therefore, the external 
button 26 has to be actuated Within the predetermined time 
period. In order to complete the transaction, the generated 
signature is conveyed to the device main processor 16 for 
transmission via the message transceiver 34. In the event that 
the external computer 14 attempts to defraud the user of the 
personalized device 12 by composing a false message or other 
harmful transaction, the data message output by the secure 
module 18 Will not match With the data message displayed on 
the external display 32 and the data message Will not be 
authenticated by the user, via the trusted button 26. 

In another embodiment, the personalized device 12 is a 
mobile phone and the data message is composed on the per 
sonalized device 12, as shoWn in FIG. 2. The portion of the 
data to be signed is displayed on the device display 20. The 
secure module 18, along With its secure display 24 and trusted 
button 26, behaves in the same manner as indicated in the 
preferred embodiment. Upon instruction by the user via the 
trusted button 26, a signature is generated and the signed data 
message is transmitted via the transceiver 34. 

The method for the verifying the integrity of the data mes 
sage to determine Whether or not to create a signature Will 
noW be described, With reference to FIG. 3, Which shoWs a 
?owchart illustrating the steps employed: 

Step 100: The secure module 18 accepts data from device 
main processor 16, the data comprises the portion of the data 
message to be signed and may have been assembled on the 
personalized device 12 or assembled externally by a external 
computer 14 and then conveyed to the personalized device 12; 

Step 110: The secure module 18 displays the data message 
on the secure display 24, and aWaits instruction; 

Step 120: The data message from the main processor 16 is 
displayed on the device display 20, and or the external display 
32; 

Step 130: The user compares the data message on the 
device display 20 to the data message on the secure display 
24; 

Step 140: A decision is made as to Whether there is any 
correlation betWeen the tWo data messages, that is, Whether 
the data messages, or portions of the data messages, are 
logically related to one another; 

Step 150: If the data message is considered unacceptable, 
the user instructs the secure module 18 via the trusted instruc 
tion path 30 not to calculate a signature; or else 

Step 160: If the user determines the data message on the 
secure display 24 to be acceptable, the signature generator in 
the secure module 18 is instructed via the trusted instruction 
path 30 by actuating the trusted button 26 to calculate the 
signature. A further level of assurance may be provided by 
using the trusted instruction path 30 to enter a PIN and requir 
ing that the secure module 18 does not issue any signatures in 
the absence of the correct PIN. 

In yet another embodiment, the secure module is softWare 
based. In this embodiment, the secure module 18 is a softWare 
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6 
application running on the device 21 that outputs the data 
message to a secure portion of the device display 20, and 
accepts instructions as input from the device keyboard 22. 
The above-described embodiments of the invention are 

intended to be examples of the present invention and alter 
ations and modi?cations may be effected thereto, by those of 
skill in the art, Without departing from the scope of the inven 
tion Which is de?ned solely by the claims appended hereto. 
The embodiments of the invention in Which an exclusive 

property or privilege is claimed are de?ned as folloWs: 
1. A method for controlling use of a secret key in a person 

alized device communicatively coupled to a main processor, 
said personalized device adapted to receive and transmit data 
messages, said method comprising: 

enabling a secure module to be communicatively coupled 
to said personalized device, said secure module storing 
said secret key, said secure module, When coupled to 
said personalized device, being connected via a ?rst 
secure path to a secure input device and being connected 
via a second secure path to a secure display or secure 

portion of a display of said personalized device, Wherein 
said ?rst and second secure paths are logically isolated 
from said main processor; 

enabling a ?rst output to be displayed on said secure dis 
play or said secure portion of said display of said per 
sonalized device under control of said secure module; 

displaying a second output under control of said main 
processor on said display of said personalized device or 
an external display at the same time as said ?rst output, 
said main processor and said secure module being inde 
pendently operable; and 

upon receipt of an external input via said secure input 
device indicative of a favorable comparison of said ?rst 
and second outputs as displayed, controlling operation 
of said personalized device to obtain access to said secret 
key in said secure module for performing cryptographic 
operations. 

2. The method according to claim 1 Wherein said secret key 
is used for verifying the integrity of a data message handled 
by said personalized device. 

3. The method according to claim 1 Wherein said person 
alized device is one of a mobile phone and a personal digital 
assistant. 

4. The method according to claim 1 Wherein said favorable 
comparison is characterized in that said ?rst output and said 
second output are logically related to one another. 

5. The method according to claim 4 Wherein said logical 
relationship is such that said ?rst and second outputs are 
identical. 

6. The method according to claim 2 comprising using said 
secret key to generate a digital signature on said data message. 

7. The method according to claim 1 Wherein said secure 
input device comprises a trusted button on said personalized 
device. 

8. The method according to claim 1 Wherein use of said 
secret key is further controlled by receipt of a valid person 
identi?cation number (PIN). 

9. A non-transitory computer readable storage medium 
comprising computer executable instructions for causing a 
personalized device to control use of a secret key, said per 
sonalized device being communicatively coupled to a main 
processor, said computer executable instructions comprising 
instructions for: 

enabling a secure module to be communicatively coupled 
to said personalized device, said secure module storing 
said secret key, said secure module, When coupled to 
said personalized device, being connected via a ?rst 
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secure path to a secure input device and being connected 
via a second secure path to a secure display or secure 

portion of a display of said personalized device, Wherein 
said ?rst and second secure paths are logically isolated 
from said main processor; 

enabling a ?rst output to be displayed on said secure dis 
play or said secure portion of said display of said per 
sonalized device under control of said secure module; 

displaying a second output under control of said main 
processor on said display of said personalized device or 
an external display at the same time as said ?rst output, 
said main processor and said secure module being inde 
pendently operable; and 

upon receipt of an external input via said secure input 
device indicative of a favorable comparison of said ?rst 
and second outputs as displayed, controlling operation 
of said personalized device to obtain access to said secret 
key in said secure module for performing cryptographic 
operations. 

10. The non-transitory computer readable storage medium 
according to claim 9 Wherein said computer executable 
instructions are con?gured for using said secret key to verify 
the integrity of a data message handled by said personalized 
device and comprising computer executable instructions for 
using said secret key to generate a digital signature on said 
data message. 

11. A personalized device comprising: 
a main processor; 

a secure input device; 
a secure module, said secure module and said main pro 

cessor being independently operable, said secure mod 
ule storing a secret key, said secure module, When 
coupled to said personalized device, being connected via 
a ?rst secure path to said secure input device and being 
connected via a second secure path to a secure display or 

secure portion of a display of said personalized device, 
Wherein said ?rst and second secure paths are logically 
isolated from said main processor; 

at least one display comprising any one or more of said 
secure display, said secure portion of said display of said 
personalized device, and said display of said personal 
ized device; and 

instructions stored in memory for: 
enabling a ?rst output to be displayed on said secure 

display or said secure portion of said display of said 
personalized device under control of said secure mod 
ule; 

displaying a second output under control of said main 
processor on said display of said personalized device 
or an external display at the same time as said ?rst 
output; and 

upon receipt of an external input via said secure input 
device indicative of a favorable comparison of said 
?rst and second outputs as displayed, controlling 
operation of said personalized device to obtain access 
to said secret key in said secure module for perform 
ing cryptographic operations. 

12. The device according to claim 11 Wherein said secret 
key is used for verifying the integrity of a data message 
handled by said personalized device, said personalized device 
comprising a signature generator for generating a digital sig 
nature on said data message using said secret key. 

13. The device according to claim 11 Wherein said person 
alized device is one of a mobile phone and a personal digital 
assistant. 
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8 
14. The device according to claim 11, Wherein secure input 

device comprises a trusted button, Wherein saidreceipt of said 
favorable comparison is entered through actuation of said 
trusted button. 

15. The device according to claim 11 Wherein use of said 
secret key is further controlled by receipt of a valid person 
identi?cation number (PIN) through at least one input device. 

16. A system for verifying data integrity betWeen at least 
tWo correspondents in a cryptographic scheme, said system 
comprising at least one of said at least tWo correspondents, 
said at least one of said at least tWo correspondents having a 
main processor and a secure module, said secure module 
being independently operative of said main processor, said 
secure module, When coupled to said personalized device, 
being connected via a ?rst secure path to a secure input device 
and being connected via a second secure path to a secure 
display or secure portion of a display of said personalized 
device, Wherein said ?rst and second secure paths are logi 
cally isolated from said main processor, said at least one of 
said at least tWo correspondents being con?gured for: 

assembling data on said at least one of said at least tWo 
correspondents; 

displaying said data under control of said main processor to 
produce a ?rst output on said display of said personal 
ized device or an external display; 

forWarding said data to said secure module and displaying 
said data from said secure module to produce a second 
output on said secure display or secure portion of said 
display of said personalized device to permit compari 
son of said ?rst output and said second output; and 

instructing said secure module to generate a signature on 
said data upon a favorable comparison of said ?rst out 
put and said second output; 

Whereby said favorable comparison indicates data integrity 
such that said at least one of said correspondents signs 
said data. 

17. The system of claim 16, Wherein said at least one of said 
at least tWo correspondents is a personalized device being one 
of a mobile phone and a personal digital assistant. 

18. The system of claim 16, Wherein said favorable com 
parison is characterized in that said ?rst output and said 
second output are logically related to one another. 

19. The system of claim 18, Wherein said logical relation 
ship is such that said ?rst output and said second output are 
identical. 

20. The system of claim 16, Wherein said step of displaying 
said data message includes displaying a portion of said data 
message. 

21. The system of claim 20, Wherein said favorable com 
parison is characterized in that a portion of said ?rst output 
and a portion of said second output are logically related to one 
another. 

22. The system of claim 21, Wherein said logical relation 
ship is such that said portion of said ?rst output is identical to 
said portion of said second output. 

23. A non-transitory computer readable storage medium 
comprising computer executable instructions for verifying 
data integrity betWeen at least tWo correspondents in a cryp 
tographic scheme, at least one of said at least tWo correspon 
dents having a main processor and a secure module, said 
secure module being independently operative of said main 
processor, said secure module, When coupled to said person 
alized device, being connected via a ?rst secure path to a 
secure input device and being connected via a second secure 
path to a secure display or secure portion of a display of said 
personalized device, Wherein said ?rst and second secure 



US 8,099,769 B2 

paths are logically isolated from said main processor, said 
computer executable instructions for: 

having at least one of said at least tWo correspondents 
assemble data; 

display said data under control of said main processor to 
produce a ?rst output on said display of said personal 
iZed device or an external display; 

forWard said data to said secure module and display said 
data from said secure module to produce a second output 
on said secure display or secure portion of said display of 

10 
said personaliZed device to permit comparison of said 
?rst output and said second output; and 

instruct said secure module to generate a signature on said 
data upon a favorable comparison of said ?rst output and 
said second output; 

Whereby said favorable comparison indicates data integrity 
such that said at least one of said correspondents signs 
said data. 


